screening microbial fermentations for antibacterial activity against antibiotic-resistant bacteria derived from clinical specimens. Preliminary characterization data suggested that glycothiohexide a was related to nosiheptide but could be distinguished from it. The isolation and the preliminary characterization of glycothiohexide oc are reported in the preceding paper;1} its antimicrobial activity will be reported separately.
2) The chemical structure of glycothiohexide a was elucidated based largely on spectroscopic analysis as described in this report.
Results and Discussion
The molecular formula of glycothiohexide a (1) (Fig. 1 ) was established as C58H57N13O15S6from an analysis of mass spectral, NMR, ESCAand IR data. An initial survey of the *H and 13C NMRspectra revealed the presence of at least 43 hydrogens and 50 carbons. An ESCAspectrum revealed the presence of substantial amounts of nitrogen and sulfur in an approximate ratio of 2 : 1. Avery strong amide carbonyl stretching band at 1668 cm" 1 in the IR spectrum confirmed the presence of nitrogen and oxygen. An approximate elemental composition of C5o~6oH4o~6oN71 6(V2oS4,. 8 was established based on the above analysis. A molecular ion (M +H)+ of 1,367+ 1 amu for glycothiohexide a was observed in electrospray mass spectroscopy while high resolution FAB-MSshowed an (M +Na)+ ion at 1,390.2307. Based on the constrains above, the molecular formula of glycothiohexide a was determined to be C58H57N13O15S6 (A =0.8 mmu). More detailed analysis of the complete set of NMRdata revealed resonances for all 58 carbons and 53 of the protons (4 of the 10 exchangeable protons could not be assigned). Good evidence for the presence of all of the nitrogen, oxygen, and sulfur atoms was also found in the NMRspectra. Sharp singlets in the *H NMRspectrum between 9.0 and 7.7ppm integrating for one proton each suggested the presence of disubstituted thiazole rings. This possibility was confirmed by inverse detected carbon hydrogen correlation experiments (HMQC and HMBC). All six singlets correlated to carbons ft Current corresponding address: Microcide Pharmaceuticals Inc., 850 Maude Ave., Mountain View, CA 97043. between 119 and 128ppm in the proton decoupled 1JCH HMQCexperiment (see Table 1 ). Five of these six proton resonances showed iJCH coupling constants between 193 and 197Hz in a coupled HMQC experiment ( Table 1 ). The combination of proton and carbon chemical shifts with the larger than normal iJCH coupling constant is diagnostic for 2,4-disubstituted thiazoles where the proton is attached to a carbon adjacent to the sulfur.3) An HMBC experiment optimized for VCHcoupling constants of 7 Hz revealed the expected C-2 and C-4 carbons of each thiazole ring. Fig. 2 . This fragment replaces the 2,3-dehydro-2-aminobutyric acid residue in nosiheptide (3) . None of the proton resonances in this structural fragment showed coupling in the normal COSYexperiment performed on glycothiohexide a (1) or its methyl ether (2) . The *H singlet (SH 8.77) showed no attachment to a carbon in the HMQCexperiment, and was assigned on this basis as an amide NH. The 3H singlet at <5H3.88 was correlated to a methoxy carbon at <5C 55.69 while the 3H singlet at <5H 1.97 to a methyl carbon at dc 12.71 in the HMQC. In the HMBC experiment, the protons VOL. 47 NO. 8 THE JOURNAL OF ANTIBIOTICS 905 of the methoxy group showed correlation to a non-protonated carbon (Sc 160.16). Since a methoxy ether group can only long-range /CH couple into its point of attachment, this carbon was assigned to the a-carbon of an enol ether. The NHproton resonance also coupled to the carbon at Sc 160.16, while the remaining proton singlet (SH 1.97, 3H), showed coupling to this and another non-protonated carbon (dc 109.94). A coupling between the NHand CH3protons was observed in a COSYexperiment optimized for long-range couplings indicating that these two groups are on opposite ends of the tetra-substituted double bond. The observed ROESYcorrelations from the olefinic methyl to both the NHand OCH3are consistent only with the E substitution pattern illustrated in Fig. 2 . Modified Glutamate Residue In glycothiohexide a, the modified glutamate residue of nosiheptide is further hydroxylated at the 3 position. Afour proton spin system, that showed an obvious linear vicinal coupling pattern in the COSY and XHexperiments, was assigned to this modified glutamate residue. An amide NH, (SH 8.59, d, 8.7Hz; no correlation in the HMQC) was coupled to a methine proton (<5H 5.73, brd 8.7 Hz) that showed attachment to a methine carbon (dc 50.30) in the HMQC. This methine is adjacent to a carbinol methine, (<5H 3.97, brd 9.7Hz; Sc 79.82) which in turn is adjacent to a third carbinol methine (Sn 4.27, d, 9.8Hz; Sc 70.44) as revealed by COSYand HMQCcorrelations.
The attachment of an ester carbonyl (<5C 171.35) was indicated by an HMBC correlation to this carbon from the SH4.27 methine resonance. Further evidence for the presence of a lactone in glycothiohexide a was also found in the IR spectrum where a small C=Ostretching band at 1743cm"1 (1741 cm"1 in the methyl ether) ring, and the observation of a ROESYcorrelation between the up field methylene proton (3H 4.09) and a proton (SH 6.00) of the Ind4a carbinol methylene as illustrated in Fig. 3 . The ether linkage between the Ind3b carbinol methylene and the carbinol methine at C-3 of the glutamate residue was indicated by an HMBC correlation from the proton at Glu3 to the Ind3b carbinol methylene carbon, and a similar correlation from the down field carbinol methylene proton (SH 4.94) to the Glu3 carbon. Further evidence was found in the ROESYexperiment where a cross peak was observed between the down field proton of Ind3b and the Glu3 proton.
Glycosidic Residue A numberof non-olefinic carbon and hydrogen resonances with no analogy in nosiheptide were attributed to an amino-dideoxy-pyranose moiety. A carbon hydrogen pair (Sc 94.91; Su 4.96) observed in the HMQC experiment was assigned as the anomeric center of a glycoside on the basis of their chemical shifts. In the normal COSYexperiment, the anomeric proton showed coupling to a pair of methylene protons (<5H 1.91, dd, SH 1.80, brd; 3C 40.21; C-2) which were not correlated to other protons. A methine proton (SH 2.06; Sc 68.24; C-4) coupled to a second methine (<5H 3.79; Sc 66.09; C-5) which was coupled to a methyl doublet (<5H 0.59, d, 6.5Hz, 3H; Sc 17.61; C-6) constituted a second spin system. These two spin systems were assembled together with a quaternary carbinol carbon (Sc 67.26; C-3), a methyl singlet (SH 1.42, 3H; Sc 30.15), and an 7V,7V-dimethyl moiety (<5H 2.51, 6H; Sc 44.04, 2C) to form the pyranose as discussed below. In addition to the chemical shift and the number of equivalent protons, evidence for the presence of two equivalent methyls attached to a single nitrogen was provided by an unusual HMBC three bond correlation from the protons of one methyl to the carbon of the other. The aliphatic methyl singlet at SH 1.42 showed HMBC correlations to the carbinol carbon at Sc 67.26 and the methylene carbon (C-2) of the first proton spin system, indicating that the methyl was attached to the carbon at 3C 67.26 (C-3) which is in turn attached to the methylene (C-2). This assignment was confirmed by three bond HMBC correlations from the anomeric proton to the carbinol carbon (C-3), and from both methylene protons to the methyl carbon (Fig. 4) . The attachment of the N,7V-dimethyl group to one end of the second spin system was established by three bond HMBCcorrelations from the C-4 methine proton (<5H 2.06; <5C 68.24) to the TV-methyl carbons, and from the TV-methyl protons to the C-4 methine carbon. A three bond HMBC correlation from one of the C-2 methylene protons (SH 1.80) to the C-4 methine carbon established the connection between C-3 and C-4 of the glycosidic ring. A three bond HMBCcorrelation from H-l to C-5 through oxygen completed the pyranose ring. The attachment of the glycosidic unit to the aglycon through a glycosidic linkage to the C-4 carbinol methine of the modified glutamate residue was revealed by correlations from the Glu4 proton to the anomeric carbon in the HMBC experiment, and to the anomeric proton in the ROESYexperiment (Fig. 3) . Further confirmation of the connectivity, and establishment of the relative stereochemistry of the glycosidic unit was provided by data from the long range COSYand ROESYexperiments. The anomeric proton was assigned equatorial as its coupling to both of the C-2 methylene protons was less than 6 Hz. The up field C-2 methylene proton (SH 1.80) is coupled through four bonds to the methine proton at C-4, which is possible only if both substituents are equatorial. The downfield C-2 methylene proton (SH 1.91) showed a four-bond Wcoupling to the protons of the methyl at C-3. A coplanar arrangement of the four bonds involved is possible only if both substituents are axial (Fig. 4) . The observed ROESYcorrelation between the C-3 methyl and the C-5 methine resonances is consistent with a 1~3 diaxial relation between these two substituents on a six memberedring in a chair conformation. Similarly, a 1~3 diaxial NOEis observed between the methyls of the dimethylamine substituent and the axial proton (downfield) at C-2. Thus, the glycosidic unit was assigned to be 2,4-dideoxy-4-dimethylamino-3-methyl-a-fucopyranoside.
Dehydro-alanine Residues
All of the resonances for the dehydro-alanine residue found in nosiheptide are missing in glycothiohexide a. The chemical shift of the carbonyl attached to the terminal thiazole ring is similar to those in the rest of the molecule leading to its assignment as a primary amide terminus, consistent with the molecular formula.
Conclusion
The chemical structure of glycothiohexide a (1) is closely related to that of antibiotic S-54832A disclosed in a US patent.5) A partial listing of carbon chemical shifts and a proton spectrum were disclosed in the patent with no details of the structural assignment. The proposed structure of antibiotic S-54832A has a different sugar, a hydroxyl substitution on the indole nitrogen and an ester, instead of the thioester linkage. It also has the dehydro-2-aminobutyric acid and the terminal dehydro-alanine residues found in nosiheptide.
Experimental
General NMRspectra of glycothiohexide a were obtained on a Bruker AMX300 instrument, while a GE Omega500 MHzNMRwas used to obtain the spectra of 0-methyl-glycothiohexide a. Chemical shifts were determined in parts per million relative to the solvent signals of d6-DMSOat 2.49 (*H) and 39.5 (13C) ppm. HMBC experiments were optimized for VCH=7 Hz or 4 Hz. FABmass spectra were recorded using a VG-ZABSE high performance mass spectrometer and a VG1 1-250 data system.
Preparation of O-Methyl-glycothiohexide a (2)
To a solution of partially purified glycothiohexide a (109mg in 2ml each of MeOHand CH2C12) was added an excess of freshly prepared diazomethane etherate. The reaction mixture was stirred for 1 hour and was concentrated in vacuo to give 104mg of 80% pure 2 which was further purified by countercurrent chromatography. The purification was conducted with a Sanki Centrifugal Partition Chromatograph using the following solvent system: toluene -dichloromethane -methanol -buffer (0. Table 1 , showed correlation of Cys3H to Thiaz(4)2C, IndNH to Ind2C, 908 THE JOURNAL OF ANTIBIOTICS AUG. 1994 and Ind3C to Ind7aC.
